Background. Diagnostic decision-making is usually disease-focussed and intended to examine the patient's medical condition accurately. But diagnostic interventions may serve further purposes that are not yet fully understood. Objective. To explore GPs' diagnostic behaviour not related to confirming or refuting a specific disease. Methods. We recorded 295 primary care consultations in 12 practices. One hundred thirty-four consultations comprised at least one diagnostic episode. GPs were asked to reflect on their own diagnostic thinking in interviews for every single case. Qualitative and quantitative analyses were applied with focus on the GPs' cognitive processes during diagnostic decision-making. Results. Primary care physicians clearly stated that they requested some tests for other reasons than diagnosing disease. A feeling of uncertainty stimulated diagnostic procedures aiming to regulate the anticipation of regret. We identified patients' reassurance, patients' requests and strategic issues as further motives for diagnostic actions. Conclusion. Besides focussing on disease in the diagnostic process, emotional and strategic goals are hidden motives that play a critical role in clinical decision-making. They might even represent an initial factor in a cascade of interventions leading to overdiagnosis. How GPs might control these influences provides an important aspect for further research, practice and teaching.
Introduction
The diagnostic process is an essential part of the primary care consultation. General practitioners (GPs) need to understand the problem presented by the patient, provide a diagnosis and identify conditions for which treatments are available. By performing tests that range from simple questions to technical procedures, GPs collect data relevant for accurately diagnosing or excluding disease, both biomedical/somatic and psychosocial/non-somatic. In order to achieve this, they have developed a variety of strategies and heuristics adapted to the task (1) (2) (3) .
Beside these disease-focussed primary motives, uncertainty and (anticipated) regret are relevant aspects discussed in the context of clinical decision-making (4, 5) . Further motives like time pressure, financial incentives, the threat of malpractice suits or reassurance (for the patient and/or the GP) have been suspected to play a role in laboratory, imaging and neurological testing (6) (7) (8) .
In fact, we know little about GPs' emotional motives in diagnostic decisions. These may lead to behaviours that are not in the interest of patients, including the risk of unnecessary testing or overdiagnosis. Overdiagnosis is increasingly recognized as a challenging burden that modern medicine has to face (9) . Recent initiatives try to sensitize physicians of all specialities to this topic (10) . What is missing, however, is an understanding how extraneous thoughts that do not aim to accurately diagnose disease impact on everyday diagnostic decision-making.
In a study about diagnostic decision-making in primary care (2) , GPs admitted to perform some tests for reasons other than collecting data modifying probabilities of relevant disease. This explorative and descriptive study provided an opportunity to elicit GPs' hidden motives in diagnostic decision-making.
Methods
We conducted a qualitative study about GPs' thinking during diagnostic decision-making (2) . Twelve GPs from separate practices were conveniently sampled and recruited via personal contact from the teaching network of our department. GPs were all working independently and self-employed but were affiliated as trainers and teachers to our department. GPs' practices showed a wide spectrum in terms of GPs' experience, gender, practice size and setting (see Table 1 ). GPs gave their written consent, after detailed oral and written explanations about study objectives and privacy regulations. They recruited patients consecutively irrespective of their complaints or problems. After briefing by their GP, patients gave their consent. Patient-doctor consultations were remotely video-recorded, allowing a direct observation of interaction with minimal impact. In order to gain insight into cognitive processes, each consultation was directly followed by a semi-structured interview with the GP (see Supplementary data 1 for the interview guideline). GPs were asked to reflect on their thoughts and diagnostic considerations. The interviewers tried to reconstruct the diagnostic process by asking questions about the very first impression and thought during consultation, followed by general questions about the GPs' diagnostic thinking. Because the primary topic of the study was disease-focussed diagnostic strategies, GPs were not specifically asked to elaborate on their emotional or strategic goals (hidden motives).
Interviews were conducted at GPs' practices by trained research staff. Interviews were conducted by a GP and a psychologist. They lasted between 2 and 18 minutes and were stopped when saturation was thought to be reached. Interviews were also videotaped, allowing verbatim transcription with the help of standard wordprocessing software.
Transcribed data were imported into MaxQDA 11 (11), a software for qualitative data analysis. Two physician researchers carried out first analyses and coding. MMC performed a detailed content analysis of hidden motives in diagnosis. For this purpose, codes for (anticipated) regret, reassurance and further hidden motives as well as their consequences arose in an inductive process. Codes were clearly described in memos allowing evaluation of reliability by two independent raters (both physicians). They agreed in 91% of cases. Conflicts in coding were resolved by discussion within the research team. Further conceptual descriptions and interpretative explanations arose in a process of discussion within the research team and on an international workshop on clinical decision-making.
Consultations and interviews as well as analyses were conducted in German language. For this publication, quotes have been translated into English by the authors. Both authors work as GPs and primary care researchers.
Quotes in this publication are consecutively numbered. The first number refers to the GP and the second number to the patient: For instance, #5.04 is a quote of GP number 5 talking about his patient number 04 (see Supplementary data 2 for details of GPs' demographic data).
Results
Each practice contributed between 18 and 38 patients to our study. Three hundred forty-four patients were approached to take part. Forty-nine patients refused when asked for participation, primarily because of lack of time. In total, we included 295 patients. One patient withdrew his consent later. Of 295 consultations, 134 contained at least one diagnostic episode and were analysed for this publication (see Table 2 for patient characteristics). The remaining 161 consultations mainly dealt with chronic disease management programmes, follow-up visits, vaccinations or administrative issues.
When asked to reflect on their diagnostic thinking in general, GPs revealed to aim for additional emotional and strategic goals in diagnostic testing. We identified four categories of hidden motives GPs considered during diagnostic decision-making: (i) regulation of regret; (ii) reassuring patients; (iii) fulfilling patient's requests and (iv) strategic issues.
Regulation of regret
GPs gave general statements about their fears related to diagnosis. Feelings of uncertainty and missing significant disease were highlighted as issues physicians have to deal with constantly.
[…] as a GP I am always uncertain, whether I miss something or I disregard that anything serious is going on. In the following, this GP explained that he feels the urge to investigate in cases of uncertainty where he is unsure about missing something. He faced this conflict by taking a blood sample as a reassurance.
Maybe I've missed something. In the end, she turns out to have ankylosing spondylitis or a dreadful thing like bony metastases. […] Or she might have [back pain because of] an atypical pyelonephritis.
[…] Something had to happen, so I ordered blood work, not to miss anything severe. Actually I don't need it [for my diagnostic decision] and almost never are there any cues. It's so to speak more as a re-insurance for myself. #1.09, male, 20-year experience Medical or analytical reasons for this test remain vague here. Moreover, the GP referred to 'blood work' in general, but not to any particular test he would be interested in. He clearly pointed out that he in fact was not in need of further tests to make a decision. The motive of this action seems rather emotionally than clinically justified, when he ordered blood work 'as a reassurance for himself'. That 'something' is being done seems to be more important than a specific test relevant for the presentation of the case. We interpret this as an attempt to avoid or at least reduce a feeling of future regret. This feeling would arise in the rare but not impossible event of severe disease being hidden behind symptoms suggesting benign disease.
I go home with strange feelings, thinking 'Maybe I should have taken more care of this patient'. You know, there is always something you could have done. #1.09, male, 20-year experience
Other GPs stated a variety of terms to illustrate their motive of regret regulation. They ordered a throat swab or a blood sample just 'to be on the safe side' or 'as a precaution'. Another GP mentioned taking a blood sample because she was not 'one hundred per cent sure' about her diagnosis, even though she stated she was clinically confident about it.
I really don't think her pancreas is affected, but since I'm not one hundred per cent sure, I took a blood sample. #8.16, male, 28-year experience This GP clearly illustrates her quest for certainty and validation. She tries to reach this state by taking a blood sample.
In 17 of 134 (13%) interviews, GPs explained to perform certain diagnostic procedures in anticipation of regret in the future.
In several cases, GPs showed deep ambiguity in their approach. On the one hand, GPs convincingly argued why they are sure about the innocuousness of a presented complaint. But on the other hand, they decided differently in their action of ordering tests or referring a patient to a specialist.
No, I don't think he has pneumonia. He doesn't need an X-ray. But since we have to take a blood sample anyway [for another purpose], we kept up an escape route for safety reasons and checked the CRP [C-reactive protein]. #1.14, male, 20-year experience
The expression of these contradicting thoughts illustrates how GPs struggle with ambiguity and the anticipation of regret. Diagnostic tests are apparently used in order to ease these conflicting feelings and seem to provide a feeling of certainty.
Experiences stimulating the anticipation of regret
GPs repeatedly mentioned that former dramatic cases and the resulting experience of regret had a long-lasting impact on their treatment of future cases. One GP reported being always alarmed when challenged by the symptom of dizziness. She vividly remembered a dramatic case of brain tumour in a young patient.
Treating dizziness I am always quite cautious. We once had a child with a sort of dizziness who turned out to have a giant brain tumour.
[…] So I always try to be very thorough in these cases. #4.06, female, 12-year experience Her experience of regret seemed to stimulate the anticipation of regret in subsequent cases with similar symptoms. Without any present red flag, this GP is trying to achieve regret regulation by generally increased awareness, consulting colleagues and ordering laboratory tests in patients presenting with dizziness.
Thus I cannot carelessly say 'this is just harmless lightheadedness in a young patient'. We will wait for the blood samples, I will go into a detailed history and talk to my colleague. #4.06, female, 12-year experience GPs gave further examples in which their anticipation of regret grew stronger because of regret they had experienced in passed cases. The consequences they formulated all amounted to a lower threshold for ordering tests.
We could have done it without a blood sample. Why did I say take it anyway? It's more a reassurance; mostly unnecessary.
[…] Now I say leukaemia, since we had a case 10 years ago. A patient with trivial complaints later turned out to suffer from leukaemia.
[…] And of course she confronted me with the question 'Why haven't you just taken a blood sample in the first place?' #1.17, male, 20-year experience Experienced regret was almost always described as resulting from 'having missed something' or 'done too little', which might explain the GPs' tendency to order more investigations when anticipating regret. Only in one case, a GP admitted to regret his decision for additional investigations. He blames himself for not practicing watchful waiting but to have anxiously agreed in further procedures.
Specialists all gave conflicting recommendations. And in the end, fears of missing anything severe really led us into the wrong direction.
[…] It turned out to be just a FNH [focal nodular hyperplasia; a benign liver tumour] and no cancer. That was stupid. #7.08, male, 25-year experience
Consequences
In order to prevent regret, GPs showed an increased willingness to conduct further investigations: they ordered additional biochemical tests, throat swabs, electrocardiograms or X-rays, performed thorough physical examinations, consulted their colleagues or referred to specialists. In some cases, GPs stayed vague about the scope of tests ordered and generally referred to 'blood test' or 'blood sample', especially in the context of 'something had to happen'. This indicates that sometimes the ritual and emotional aspect of taking blood is more important, than any particular tests and their results. The addressee of such actions seems to be the doctor as well as the patient.
Reassuring patients
Besides reassuring themselves as shown above, GPs showed another emotional focus when ordering or performing tests. They clearly stated that they performed certain investigations only in order to reassure patients, rather than expecting any diagnostic value from tests. Examining patients' chests, throats and abdomens are some examples mentioned in the following quotes.
Examining her abdomen really is for calming such patients down, rather than being of any medical interest to me. #3.01, male, 9-year experience GPs seem to be quite aware that diagnostic testing can have the opposite effect in some of their patients. This becomes obvious in a quote of a doctor who deliberately refrained from further investigations in the presumption that he might unnecessarily worry his anxious patient.
If I had checked his heart thoroughly or even performed an ECG, he would have ended up with dozens additional worries. I deliberately tried to avoid this. #7.21, male, 25-year experience
Fulfilling patient's request
As another hidden motive, we observed that GPs did certain interventions on the patients' request. In total, we found 11 of 134 (8%) interviews dealing with this topic.
No, I don't expect much from listening to her chest, but a lot of patients insist on it. (Deep breath), so I do. It's much quicker this way. #3.01, male, 9-year experience I did it [prescribing an antidepressant as a test for her symptoms] mainly because it was her explicit wish. #5.08, male, 28-year experience In most of the cases, GPs clearly stated not to be in need of the diagnostic information when ordering or performing the requested tests.
We found GPs following their patients' wishes in performing extra examinations, prescribing medications or referring them to specialists.
I would just say it is intertriginous and so prescribed him some antifungal drug. But in the end I gave in to his wish of referral to a dermatologist. #5.04, male, 28-year experience Still, sometimes descriptions of patient's requests overlapped with the category of reassuring patients as illustrated in the following quote.
She is a bit afraid of a relapse [of her urinary tract infection], so she really wanted to have it [the infection] ruled out.
[…] So she felt relieved, when it [the urinary dip stick] turned out fine. #3.17, male, 9-year experience GPs seem to notice patients' worries, making them easily give in the quest for certainty. We can assume that patients follow similar emotional goals when requesting certain tests as GPs aim by themselves, when ordering or performing test in anticipation of future regret.
Strategic issues
In 15 of 134 (11%) interviews, GPs brought up strategic or organizational issues during their explanations. To some degree, they just mentioned organizational reasons why they referred patients to a specialist.
I had to refer this patient, since the specialist for occupational accidents needs to do the further job. #3.05, male, 9-year experience Some arguments had a legal background, for instance in a case of a potential objection against a pension insurance.
I just sent her for an X-ray, since we might need it as an argument against the insurance company. #2.08, female, 23-year experience Another important aspect came up, when a GP admitted to have financial incentives on mind while planning next diagnostic steps. At the same time, this might serve as an example of ordering tests in order to end consultations smooth and quickly.
I don't expect anything somatically pathologic here; neither in his blood, nor in the clinical examination.
[…] So the strategy was to take the blood sample today and schedule the health check at a second date. #8.01, male, 28-year experience One needs to know that in German primary care, health checks have a comfortable financial reward. This GP additionally admitted to using blood tests in order to shorten the present consultation and gain time by arranging for a well-paid health check.
I guess it is more about mental health.
[…] So we are going to discuss this in a second step [at the health check]. Otherwise we will run late in surgery. #8.01, male, 28-year experience GPs also reported restricting their diagnostic workup when they are going to refer their patients to specialists. Gaining time was another goal GPs mentioned when they were asked for the rationale of their diagnostic actions. Making further diagnostic appointments (here for an ultrasound) enables the GP to follow his strategy of watchful waiting even in an impatient patient.
He had a colonoscopy recently, so we can watch and see. 
Conclusions

Summary
Being asked to reflect on their diagnostic thinking, GPs showed to juggle plenty of thoughts that contained additional considerations beside the classical focus on accurately diagnosing disease. They mentioned prevention of regret as a key motive for conducting and ordering additional diagnostic interventions. GPs moreover showed to recall former and mostly dramatic courses of disease. In cases perceived as errors, these experiences seemed to stimulate the anticipation of regret in future cases and thus further diagnostic steps.
GPs further highlighted patients' reassurance as a strong intention for performing or ordering tests. Patients' requests and strategic issues represent additional arguments raised. These factors had in common that they induced additional diagnostic procedures. They comprised the whole spectrum of laboratory tests, physical examinations, technical procedures such as imaging and referrals. Emotional motives that led to withholding certain tests were observed only once in this study.
Strengths and limitations
Observing and videotaping GPs during their consultation might have interfered with usual consultation habits. GPs might have felt uncomfortable discussing areas they are uncertain or deficient about, and GPs might have reinterpreted their arguments from more intuitive to more rational reasoning. However, reflection on their own diagnostic thinking directly following the consultation of a real-life patient encounter offers the best opportunity in gaining insight into cognitive processes and related beliefs and emotions.
The study has been conducted in German primary care practices. This should be kept in mind when comparing our results with other health-care systems. For instance, the weak gatekeeping system might additionally provoke testing, especially on patients' request. Moreover, the threshold for referrals to specialists is generally low in this health-care system, which might lead to different tactics in other countries. Financial incentives are prevalent but rare in the German primary care system. They comprise mainly health checks as observed once in the study. Their impact might be even stronger in other systems with multiple financial incentives, for instance, for laboratory test or technical procedures.
Malpractice claims are uncommon in German general practice. But still GPs mentioned the prevention of regret as an important element of their decision. In health systems with a higher prevalence of primary care litigation, attempts for regret regulation and thus additional tests might be even more frequent.
The existence of hidden motives extraneous to the diseasefocussed diagnostic process was not on our minds when planning and conducting this study. This limits the number of interviews touching this topic and how detailed these themes have been discussed, because this area was not systematically explored. That GPs still mentioned these motives spontaneously underlines the relevance and validity of our findings.
Comparing with existing literature
Regret is generally a feeling experienced, when a decision proves wrong and another option would have been preferred in retrospective (12) . Regret and its regulation is a universal human phenomenon and a central element in human decision-making (12, 13) . It is especially relevant with high-stake decisions as in medical care (4). A 'chagrin factor' was firstly mentioned in clinical decisions more than three decades ago (14) . Emotional, social, cognitive and behavioural effects on patients are described in laboratory test-ordering (15, 16) . The GPs' attitude, feelings and behaviour in laboratory test-ordering obtained more attention in recent years (7, 16, 17) . Our results demonstrate that emotional goals different to the classic disease focus are not only collateral side effects but might even serve as the main intention for performing diagnostic interventions in some cases.
Regarding the reassuring and strategic value of tests as well as patients' requests, our findings give an additional insight into their occurrence and impact in general practice (7, 18, 19) . Intolerance of ambiguity in general practice has been subject of several debates (5). The quest for 'one hundred percent certainty' as mentioned by one of our interviewees illustrates a dilemma, which is almost unsolvable in primary care. Intolerance of uncertainty inevitable leads to excessive testing (20) .
Anticipated regret, fear and anxiety have previously been assumed as an underlying motive in overdiagnosis (9, 21) , but evidence on how this might influence the process has been missing. Most studies addressing the reasons of overdiagnosis deal with screening (22) , definition of disease entities (23) , malpractice claims (24) and financial incentives (6, 9) .
We have shown emotional and strategic motives to trigger a variety of additional tests in primary care. Together with overestimating benefits and underestimating risks of tests, these hidden motives might initiate a cascade of interventions that ultimately lead to unnecessary excessive testing down the road and iatrogenic morbidity (25) .
Implications for research and practice
This explorative and conceptual study suggests that beside the disease focus, further emotional and strategic aspects play a critical role in diagnostic decision-making. In order to understand these hidden motives and processes more thoroughly, future studies should explicitly focus on these aspects in diagnosis. Analysing motives in diagnostic testing in newly qualified and inexperienced GPs might give interesting insights into how emotions evolve over time in practice. Understanding this is critical for teaching reflexivity of this element. A prospective follow-up of patients would permit evaluation of reassuring and cascade effects. Furthermore, this might discriminate which of the motives and their subsequent diagnostic actions place patients at risk, whereas others might have no such effect. Exploring the patients' views on their doctors' hidden motives could also add to our understanding of the problem.
Some of the actions performed by GPs lacked detailed explanation or justification, such as taking blood without specifying a particular test. At the same time, a reference to future events and anticipated regret was missing. One could speculate that these actions serve neither the diagnosis of disease nor as a behavioural message to the patient but as 'ritual to oneself'. In other words, the sheer act of performing any test or investigation relieves the feeling of uncertainty a clinician has in a particular situation. However, we did not record utterances by participating GPs directly supporting this interpretation, which will have to be explored in future studies.
Our findings have important implications for teaching and practice. Teaching a rational diagnostic approach as well as dealing and tolerating uncertainty should be an essential part of the medical curricula (26, 27) .
Eliminating emotional motives from GPs' and other clinicians' decision-making does not appear realistic to us. 'Hidden motives' rather reflect the complexity of the primary care setting and may even be legitimate in some cases. By reflecting on their own emotions, beliefs and actions, individual GPs might be in a better position to concentrate on what their patients really need. Reflecting on hidden motives might thus help protect future patients against diagnostic interventions, which are not in their best interest. Our findings should make us also think about the environment in which professionals make their decisions. Malpractice litigation and a culture of blame lead to defensive medicine (24) . No-fault compensation schemes might reduce the need for defensive action (28) .
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